Abstract. Six foals were inoculated intrabronchially with a suspension of Corynebacteriirm equi. Six weeks before this challenge, three foals were vaccinated with a C. equi bacterin.
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The pathogenesis of C. cyiri infection in foals is understood poorly [2, 14, 231. A n attempt to reproduce the disease in foals by intrabronchial administration of C'. qiri cultures for assessment of a C. cyiri bacterin [22] offered the opportunity to describe the early histological changes in the pneumonic form of the disease eight, nine, and 17 days after infection. A description of the progression of the lesions might suggest pathogenetic mechanisms not readily apparent in the chronic lesions of the naturally occurring infection. This paper describes the gross and microscopic changes induced in foals infected intrabronchially with C. eyiri cultures during attempts to evaluate the efficacy of a C. e42ri bacterin.
Materials and Methods
Six Welsh Mountain pony foals. three to eight weeks of age, were weaned and fed foal milk replacer. calf starter ration. and hay. Foals 1, 2, and 3 were vaccinated with a killed c'. cqrri vaccine in an aluminum hydroxide adjuvant, given twice at intervals three and six weeks before challenge. Foals 4. 5. and 6 were unvaccinated controls. The methods have been described previously [22] . All foals were challenged with C'. cqiri by instilling 9 X 10" viable c'. ~q i / i in 40-ml phosphate buffered saline intrabronchially. After challenge, the ponies were monitored daily for signs of illness. Foals 2 and 3 (vaccinated) and foal 4 (control) were killed eight to nine days after infection: foal 5 (control) died nine days postinfection. Foal I (vaccinated) and foal 6 (control) were killed 17 days after infection.
At necropsy. tissue samples were fixed in formalin. embedded in paraffin. sectioned at 6 pm. and stained with hematoxylin and eosin (HE), Brown and Brenn's modification of the Gram stain. Gordon and Sweet's reticulin stain, Masson's trichrome, and Mallory's phosphotungstic acid-hematoxylin (PTAH).
Samples from the lungs. spleen. liver, bronchial lymph nodes, several sites in the small and large intestine. mesenteric, cecal and colic lymph nodes were submitted for routine bacteriological examination.
Results
The intrabronchial instillation of C. c.qiii suspension induced severe pulmonary lesions in both vaccinated and control foals. The lesions were restricted to the lung into which the bacterial suspension was given ( fig. I) . The affected lungs were consolidated massively with only the dorsal caudal lobe spared. The mean weight of the affected lungs was 1.64 f 0.25 kg compared to 0.50 f 0.1 1 kg for the unaffected lungs.
The consolidated lungs of foals 2, 3, 4, and 5 contained multiple white, firm nodular lesions up to 4 cm in diameter. On cut surface, the nodules were fleshy and slightly domed ( fig. 2) . No suppuration was seen on gross examination. Narrow zones of dark red, atelectatic lung parenchyma separated the nodules. In foal 5 , there were, in addition, extensive subpleural hemorrhages and irregular, sharply demarcated zones of coagulation necrosis in the affected lung. Nodular lesions in the lung of foal 5 were suppurative. In foal 6, the affected lung was almost completely necrotic, containing caseous debris and putrid brown fluid ( fig. 3) .
The bronchial lymph nodes in all foals were edematous and up to five times foal.
foal.
normal size. The cut surface was mottled red and cream. Focal areas of suppuration were present in the nodes of foals 5 and 6. The colonic mucosa in foals 1 and 6 was reddened and roughened mildly. In foal 5 , petechial hemorrhages, fibrinous exudate, and small ulcers were in the mucosa of jejunum, cecum, and colon. Other lesions in this foal included extensive petechiation of the subcutis and serosal surfaces, adrenal cortical hemorrhages, and fibrin in joint spaces and in the anterior chambers of both eyes. C'. q z i i was isolated in large numbers from the affected lung and bronchial lymph nodes of all foals. C. eqzri also was cultured, generally in small numbers, from the unaffected lungs, spleen, and liver of all foals. The large intestine yielded large numbers of c'. q i r i in foals 1 , 2, and 6. Neither C. qzri nor Sulinoncllu sp. were isolated from the intestinal tract of foal 5.
Histologically, the nodular pulmonary lesions in foals 2, 3, 4. Bronchi and bronchioles contained copious exudate composed of neutrophils, macrophages, and mucus. Bacteria were present within the phagocytes. The bronchiolar epithelium was hyperplastic and was composed of two to three layers of tall columnar cells ( fig. 6 ). Neutrophils and macrophages, often carrying bacteria, were numerous in the lamina propria and were migrating through the epithelium. Epithelial cells contained no bacteria.
The interalveolar septa in the consolidated areas were largely intact, although edematous, congested, and hypercellular. In the lesions of foals 3 and 5, however, reticulin stains revealed small foci of parenchymal destruction scattered through the consolidated lung tissue ( fig. 7 ). These foci were associated with groups of degenerating inflammatory cells. The degenerating macrophages had deeply eosinophilic cytoplasm and pyknotic nuclei ( fig. 8 ). Such cells usually contained large numbers of intracellular bacteria.
In the lungs of foals 1 and 6, necropsied 17 days after infection, large areas of lung parenchyma were destroyed and contained tissue detritus, necrotic neutrophils and macrophages. protein-rich fluid, and fibrin. The necrotic areas contained few free bacteria. A zone of cellular infiltration comprising neutrophils, macrophages, and some multinucleate giant cells surrounded the necrotic material, but no distinct fibrous tissue capsule enclosed the abscesses.
There was a marked perivascular accumulation of lymphocytes and plasma cells in the affected lungs of four foals. The interstitial connective tissue was edematous and infiltrated with mononuclear inflammatory cells in all affected lungs and The histological appearance of the non-infected lungs of all foals, except foal 5, was one of mild to moderate congestion, patchy atelectasis, and a moderate increase in cellularity of the interalveolar septa. The interalveolar septa1 hypercellularity was more notable in the vaccinated foals.
The histologic lesions of the affected lung of foal 5 differed from the others in that large zones of coagulation necrosis were superimposed on the exudative lesion. Pulmonary blood vessels contained fibrin thrombi and there was a mild fibrinox pleuritis. This foal had, in addition, a severe fibrinous enterocolitis and widespread lesions of disseminated intravascular coagulation.
In the bronchial lymph nodes of all foals, the subcapsular sinus, the cortex, and paracortex were infiltrated by many bacteria-laden macrophages, with fewer neutrophils and an occasional multinucleate giant cell ( fig. 9 ). Cortical follicles were present between the granulomatous lesions. Follicles with germinal centers were seen only in the nodes of foals 3 and 6. In all foals, the medullary sinuses were edematous and showed sinus histiocytosis. There were very few intracellular bacteria evident in the medullary macrophages. In foal 3 (vaccinated), there was extensive mitotic activity of cells within the subcapsular sinus, the paracortex and the medullary sinuses.
Microscopic lesions, typical of C. cqiri infection, occurred in the colon of foal 1. Focal ulceration of the epithelium overlying Peyer's patches was accompanied by a destructive pyogranulomatous inflammation of the lymphoid tissue. The pyogranulomatous inflammatory response extended through the submucosa into the muscularis. Large macrophages and multinucleate giant cells contained intracytoplasmic Gram-positive coccobacilli resembling C. eqzii.
Results pertaining to the antibody and cell-mediated immune responses in vaccinated and control animals have been reported previously [22] .
Discussion
The initial purpose of this experiment was to investigate the effect of vaccination with a C. qrii bacterin on experimentally induced C. eqiii pneumonia in foals. The bacterial challenge proved to be overwhelming, with both control and vaccinated foals developing severe pneumonia in the infected lung. The lesions in the unvaccinated control killed on day 17. however, were more severe than those of the vaccinated counterpart-indicating a possible mitigating effect of vaccination. There were no significant histological differences in the lesions of control or vaccinated foals.
The pneumonia associated with C. eqzii infection in the foal is described most commonly as a suppurative bronchopneumonia with prominent abscess formation [ I , 2, 14, 181. The pneumonia usually is anteroventral but becomes diffuse in severely affected foals [ 1, 12, 18, 251.
The two experimental foals killed 17 days after intrabronchial inoculation of C. ryzii developed a very extensive bronchopneumonia with large areas of caseous necrosis. Despite the usual designation of C. ~q i i i pneumonia as suppurative, the lesions of many naturally infected foals are in fact caseous [ 181. The experimental lesions resembled those of a naturally infected foal, in which the disease has run a more fulminating course than usual. The high concentration of bacteria in the inoculum and the manner of deposition directly into the lung no doubt contributed to the extensive tissue destruction.
The gross lesions in the four foals killed eight to nine days after inoculation were largely non-suppurative. in contrast to those of 17 days duration. Such lesions generally are not described in spontaneous C. cqzri pneumonia. These lesions appear to represent an earlier stage in the disease process.
The bronchial lymph node lesions in all six experimental foals reflect the almost invariable involvement of these nodes in the naturally occurring infection [ I , 12. 18, 271.
Microscopic intestinal lesions typical of C. cqzii infection were present in one foal. Intestinal lesions often accompany pulmonary lesions in the naturally occurring disease although the foal may not develop diarrhea [ 171. It has been suggested that the intestinal lesions develop from swallowing infectious expectorate [ 181.
The reason for the development of disseminated intravascular coagulation in one foal was not apparent. No Sulrnondlu was cultured from the carcass. It is unlikely that C. q i i i septicemia was responsible, but the possibility cannot be ruled out.
Histologically, the 8-to 9-day-old experimental lung lesions were characterized by a massive cell infiltration into the alveolar spaces. The majority of these cells were large macrophages, no doubt representing both resident alveolar macrophages and inflammatory monocytes recruited from the circulating blood [7] . The presence of intraalveolar mitotic figures suggested that local cell proliferation also was contributing to the macrophage-rich exudate. The division of free alveolar macrophages is a matter of controversy, but mitosis of rat alveolar macrophages has been demonstrated following nitrous oxide administration [ 161 and alveolar macrophages have been shown to divide in v i m [26] .
Multinucleate giant cells were a prominent component of the alveolar exudate, even in the early lesions. These polykaryons were thought to be inflammatory cells of monocyte-macrophage lineage rather than syncytial giant cells of epithelial origin. One of the mechanisms of formation of inflammatory polykaryons is simultaneous endocytosis, whereby several macrophages attempting to phagocytose the same particles fuse in the process [4] . Inflammatory polykaryons once formed have a low phagocytic capability [5] . Since most of the multinucleate giant cells in the C. cqui experimental lesions had large phagocytic vacuoles containing numerous bacteria, it is likely that simultaneous endocytosis was the mechanism for their format ion.
The presence of giant cells, as well as the predominance of macrophages have established the lesions of C. clqzri as granulomatous in nature [2, 13, 14, 251. Comparisons have been drawn between the microscopic lesions of C. c~p i and human mycobacterial infections, particularly lepromatous leprosy [ 14,251. C. c'yui, furthermore, causes a lymphadenitis in cattle and pigs which is indistinguishable grossly and microscopically from tuberculosis [8, 201 . The presence of mycolic acids in the cell walls of C. eqqlri, M.vcohucterium, and Nocurdju species [2] may account for the similarity of tissue response which is typical of a facultative intracellular parasite.
Facultative intracellular parasites are characterized by their ability to survive and to multiply within a phagocytic cell by evading the usual destruction that follows upon ingestion [lo] . The suggestion has been made that C. c q u i behaves in such a manner [ 13. 14. 19 . 371. In the experimental lesions, the bacteria are strongly cell associated. Few bacteria appear to be multiplying freely in the alveolar spaces or in the necrotic material. The bacteria retain their Gram-positive staining characteristics within the phagocytic vacuoles indicating that the cell wall is undamaged. Furthermore. the earliest indication of necrosis in the lung parenchyma in the experimental lesions was associated with groups of degenerating macrophages which primarily contained many bacteria. It is likely that the bacteria were responsible for the degeneration of the phagocytes.
The histology of advanced spontaneous and experimental C. eyiii lung lesions shows caseous necrosis as the predominant lesion [ 181. The tissue destruction may be due either to bacterial toxins, products of the inflammatory response, or to a combination of both factors. One potential C. eqzri toxin is the phospholipase C which acts synergistically with a product of C. psezidotzihrrczilosis to lyse sheep erythrocytes [3] . It is doubtful, however, that this toxin is important in vivo.
Lysosomal enzymes, chiefly acid hydrolases, which have the capacity to degrade a wide range of natural tissue substrates probably are responsible for much of the tissue destruction in C. q z i i lesions. The enzymes can diffuse into the tissue, not only from disintegrating macrophages and neutrophils but also from live cells engaged in phagocytosis [9] .
Intrabronchial instillation of C. eqzii resulted in the generation of pulmonary lesions at 17 days after infection which were histologically representative of severe natural disease. The histology of the 8-to 9-day-old lesions supports the hypothesis that C. cqiii behaves as an intracellular parasite. Proof awaits assessment of the functional interaction between the bacteria and the equine alveolar macrophage.
